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Previewsat the site of transcription and at the
nuclear pore (for a review see Schmid
and Jensen, 2008). The development
of methods to perform single-particle
tracking of specific mRNA molecules
using the fluorescent MS2 system also
opens new venues in experimental design
to study the mechanisms of asymmetric
mRNA localization, a prevalent process
with implications in many cellular func-
tions. In particular, the system is ideally
suited to experimentally test the theory
that certain mRNAs may be asymmetri-
cally exported from the nucleus by way
of a defined subset of nuclear pores
(Blobel, 1985). Clearly, the next grand
challenge after being able to track, in882 Developmental Cell 18, June 15, 2010 ª2real time, the movements of virtually any
type of RNA inside a cell will be to under-
stand the biological implications of these
movements.REFERENCES
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In Drosophila imaginal discs, viable cells are outcompeted by their faster growing neighbors in a process
called ‘‘cell competition.’’ A new study in this issue of Developmental Cell identifies the membrane protein
Flower as being specifically induced in the outcompeted cells and required for their ensuing apoptosis.Bad neighbors are a bane, but good
neighbors can also drive you over the
edge—at least if you happen to be an
epithelial cell located in a developing
Drosophila wing. This unneighborly be-
havior was first described more than 3
decades ago under the name of ‘‘cell
competition’’ (Morata and Ripoll, 1975).
In a nutshell, competing cells compare
their growth rates: the faster growing cells
‘‘win’’ and survive, the slower growing
cells ‘‘lose’’ and die. This process is
thought to maximize fitness by allowing
only the fittest cells to contribute to the
final organ. Several features characterize
cell competition (reviewed by Johnston,
2009). For one, it is restricted to imaginal
discs, and not seen in other larval tissues.
Within an imaginal disc, differentially
growing cells compete only if they are
located in close vicinity and within the
same compartment. Arguably the most
striking aspect of cell competition is thedeath of the outcompeted cells: these
loser cells are intrinsically viable and can
constitute a whole animal as long as
they are not located next to faster growing
winners—in extreme cases, even wild-
type cells can be outcompeted by adja-
cent ‘‘supercompetitors’’ (Moreno and
Basler, 2004; de la Cova et al., 2004).
Early experiments on cell competition
relied on mutations in ribosomal protein
genes (so-called Minutes) that reduce
cellular growth in a heterozygous state
and are lethal as homozygotes. A few
years ago it was realized that competition
is also triggered by differential activity of
the proto-oncoprotein Myc (but not by
other growth regulators, such as the
insulin signaling pathway; de la Cova
et al., 2004; Moreno and Basler, 2004).
Myc acts by stimulating ribosome biogen-
esis, and hence one common thread in
competition appears to be that cells
compare their relative ribosome activities.The subsequent death and elimination of
the loser cells requires the proapoptotic
protein hid in the dying cells (de la Cova
et al., 2004; and to some extent the kinase
JNK—Moreno and Basler, 2004) and an
active engulfment pathway in the neigh-
boring cells (Li and Baker, 2007). Thus,
the ultimate fate of outcompeted cells is
(at least partially) understood, but how is
this process set into motion? Observa-
tions in a tissue culture model indicate
that diffusible signals are emitted from
the winner and from the loser cells, both
of which are needed for the cell com-
petition to occur (Senoo-Matsuda and
Johnston, 2007), but little is known about
these signals, their receptors, and the
immediate consequences of their acti-
vation.
This is where the work of Eduardo Mor-
eno and colleagues, outlined in this issue
of Developmental Cell, comes in (Rhiner
et al., 2010). They generated clones of
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Previewswild-type cells surrounded by Myc-over-
expressing supercompetitors, thus trig-
gering the competitive elimination of the
wild-type cells in wing imaginal discs. By
combining microarrays and in situ hybrid-
ization, they were able to identify six
genes that are specifically upregulated in
these outcompeted cells within 12–24 hr
of clone induction. The subsequent anal-
ysis focused on one locus called Flower
(Fwe). Alternative splicing produces three
protein isoforms from this locus (Fweubi,
FweLose-A, and FweLose-B). They all contain
the same three transmembrane domains,
but differ in their extracellular C termini.
Whereas Fweubi is ubiquitously expressed
in unchallenged discs (where it localizes
to the apico-lateral side), the Lose iso-
forms are specifically induced in clones
suffering from different types of cell
competition, as triggered by, e.g., Myc or
Minutes. These Lose isoforms indeed
play an important role in competitive
death, because their knockdown in the
outcompeted clones prevents the elimi-
nation of such clones; conversely, clonal
overexpression in otherwise healthy cells
induces apoptosis. By contrast, clonal
overexpression of Fweubi has no dire
consequences, but clones lacking Fweubi
(and the other isoforms) in unchallenged
discs are eliminated if they are in contact
with wild-type cells in the same compart-
ment. It is not clear why a depletion of Fwe
reduces the viability of unstressed cells,
whereas it increases the viability of cells
suffering from competition, but this may
have to do with different residual Fwe
protein levels in the two situations. Inter-
estingly, ubiquitous expression of any of
the isoforms, either throughout acompart-
ment or in the entire animal, has no delete-
rious consequences. Thus, it’s only therelative levels of Fwe proteins that affect
cellular survival, such that cells with higher
levels of FweLose (or lower levels of Fweubi)
than their neighbors have a high likelihood
of undergoing apoptosis.
This work identifies Fwe as an impor-
tant new player in cell competition and rai-
ses new questions. FweLose itself is not
the primary sensor of cellular fitness, so
how is the expression of the FweLose iso-
forms induced in the outcompeted cells?
How does the juxtaposition of cells with
high and low levels of FweLose promote
apoptosis? Rhiner and colleagues specu-
late that the C termini of the different
Fwe isoforms create an extracellular
code that defines cellular fitness, possibly
by interacting with other extracellular
factors, but there may be an additional
role for these proteins. Fwe was recently
identified as a protein that is expressed
in larval presynaptic termini of neuromus-
cular junctions, where it localizes both
to synaptic vesicles and to plasma
membranes (Yao et al., 2009). Fwe multi-
merizes to form Ca2+ channels and,
presumably through this activity, plays
an essential role in endocytosis. It is
tempting to speculate that such a function
in Ca2+ regulation, endocytosis, or both
could also come to bear in the competi-
tive death of epithelial cells. Interestingly,
Yao and colleagues also observed that
a (lethal) null mutation in Fwe is rescued
by expression of either of two isoforms
(Fweubi or FweLose-B) exclusively in the
nervous system, indicating that none of
the Fwe isoforms are required in imaginal
discs for organismal viability. It will be
important to see whether such rescued
animals still show any form of competition
in their discs, and if not, what the biolog-
ical consequences are.Developmental CellFinally, all the work described above
deals with fly proteins—so should any
non-Drosophilist care about Fwe and
cell competition? Maybe yes. A sequence
ortholog of Fwe exists in vertebrates, but
it has not been functionally analyzed.
Furthermore, a phenomenon akin to cell
competition has also been reported for
vertebrates, although it may differ in
some aspects from the process des-
cribed above and may not involve
apoptosis of the outcompeted cells (e.g.,
Bondar and Medzhitov, 2010). It will be
interesting to determine the contexts in
which this cell competition plays a role
(e.g., can normal cells be outcompeted
when they interact with transformed
cells?)—and in which of these processes
Fwe is involved.REFERENCES
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